STUDY QUESTION: What is the safety and efficacy profile during long-term (12-24 months) uninterrupted treatment with the selective progesterone receptor modulator asoprisnil, 10 and 25 mg in women with heavy menstrual bleeding (HMB) associated with uterine fibroids? SUMMARY ANSWER: Uninterrupted treatment with asoprisnil should be avoided due to endometrial safety concerns and unknown potential long-term consequences.
Introduction
Uterine fibroids (leiomyomata) are sex-hormone-dependent benign neoplasms of the myometrium and the most common tumors in premenopausal women (Carr et al., 1993; Stewart, 2001; Bulun, 2013) . The main symptom of uterine fibroids is heavy menstrual bleeding (HMB), which can lead to iron-deficiency anemia. Depending on their size and location, uterine fibroids may also be associated with pressurerelated symptoms (Stewart, 2001; Stovall, 2001) . Symptomatic uterine fibroids may lead to impairment of women's quality of life ( Spies et al., 2002) and a significant health-economic burden (Cardozo et al., 2012; Fuldeore et al., 2015) . Surgical interventions, such as hysterectomy and myomectomy, still remain the most widely used treatments for symptomatic uterine fibroids, and the medical treatment options are generally limited to short-term preoperative treatment with GnRH agonists or the management of HMB with antifibrinolytics or high-dose progestogens (Stewart, 2001) . More recently, several selective progesterone receptor modulators (SPRMs), including mifepristone, asoprisnil and ulipristal acetate, have been evaluated in women with symptomatic uterine fibroids and showed high efficacy in controlling HMB and reducing fibroid volume (Eisinger et al., 2003; Chwalisz et al., 2007; Donnez et al., 2012a Donnez et al., , 2012b . Intermittent treatment with ulipristal acetate was approved in the European Union and Canada for the long-term management of symptomatic uterine fibroids (Donnez et al., 2014) , although use in both regions is now limited to a single preoperative course or intermittent treatment in women who are ineligible for surgery; in either situation, ulipristal should not be given for longer than 3 months continuously (Esmya, 2018; Fibristal ® , 2018) .
2001;
Asoprisnil is an 11β-benzaldoxime-substituted SPRM which showed mixed progesterone agonist/antagonist activity in both animal models and clinical studies in women (DeManno et al., 2003; Chwalisz et al., 2005) . In two placebo-controlled phase 3 studies, asoprisnil (10 and 25 mg) was very effective in controlling HMB during uninterrupted treatment for 12 months (Stewart et al., 2019) . These studies showed a small but statistically significant increase in endometrial thickness at month 12 and generally benign endometrial biopsy findings. However, cystic endometrial changes were observed on MRI and transvaginal ultrasound images in some women at the end of treatment, which led to an increase in invasive diagnostic procedures during these studies. We report findings from the extension study to these placebo-controlled studies, which primarily evaluated safety and efficacy of asoprisnil during uninterrupted treatment for an additional period of up to 12 months (i.e. up to 24 months in total) with a focus on endometrial safety. Safety and efficacy were also evaluated in women who received asoprisnil for 12 months who were initially treated with placebo in the placebo-controlled phase 3 trials.
Materials and Methods

Study design
This uncontrolled, 12-month, multicenter, parallel-group extension study included eligible women from the two, phase 3, placebocontrolled studies (Study 1 [NCT00152269] and Study 2 [NCT00160 381]). In the extension study, women who had been on active treatment during either of the placebo-controlled studies continued treatment with their initial asoprisnil dosage of 10 or 25 mg; women who previously had received placebo were randomized to either 10 or 25 mg via an interactive voice response system that referred to a randomization schedule previously created by the study sponsor (Fig. 1 ). This report focuses on patients who received asoprisnil both in the placebo-controlled studies and this extension study (the asoprisnil/asoprisnil population), thus receiving asoprisnil for up to 24 months. Results for women who previously received placebo in the double-blind studies are not described.
Study site personnel and participants remained blinded to the dose regimen throughout the extension period. Originally, this study consisted of a 12-month treatment period and 6-month follow-up period and included site visits every 3 months with monthly telephone calls to the participants during months when no site visits were scheduled. During the course of the study, the follow-up period was extended beyond 6 months for study participants with abnormal endometrial changes on ultrasound and/or the presence of 'late progesterone receptor modulator (PRM)' effects in endometrial biopsies at month 6 post-treatment to monitor endometrial changes. 
Ethical approval
The study was conducted according to the principles of the Declaration of Helsinki and the International Conference on Harmonisation Good Clinical Practice Guidelines. The institutional review board or independent ethics committee for each clinic site reviewed and approved all relevant material related to the clinical study, including the clinical protocol, amendments and informed consent documents. Written informed consent was obtained from each woman before participation in the study. An independent data safety monitoring board and panel of endometrial pathologists regularly reviewed the safety aspects throughout this study.
Study population
This extension study included women who completed 12 months of treatment with asoprisnil or placebo in either placebo-controlled phase 3 Study 1 or 2 (Stewart et al., 2019) , with no more than a 14-day interruption in dosing between the prior protocols and this study. Eligible women had initial baseline negative serum and urine pregnancy tests, estradiol levels ≥15 pg/ml and a normal mammogram (in women ≥41 years of age). Additionally, eligible women had endometrial biopsy results which showed no adverse endometrial findings (e.g. endometrial hyperplasia or cancer) at month 12 of the placebo-controlled phase 3 studies. Women were excluded if they had a surgical intervention for uterine fibroids in phase 3 studies, any clinically significant abnormal laboratory finding or abnormality on physical examination at day-1 (month 12 visit in the placebo-controlled phase 3 studies), had a decrease in bone mineral density (BMD) of ≥5% from baseline to month 12 in Study 1 or were diagnosed with diffuse adenomyosis at day-1 using MRI evaluation. Women with any endometrial thickness finding ≥25 mm or two findings of endometrial thickness ≥19 mm or focal endometrial abnormalities at any time during this study were discontinued from the study and entered the follow-up period, during which a thorough endometrial evaluation was conducted. Women who underwent any invasive or semi-invasive procedures (e.g. hysterectomy, myomectomy, uterine embolization, endometrial ablation, dilation and curettage [D&C] or polypectomy) because of uterine fibroids or suspicious endometrial findings during the study were also discontinued. Women were required to use two methods of non-hormonal contraception during the study. Women entering the study with anemia, as defined by the World Health Organization as a hemoglobin concentration below 12 g/dl (120 g/l) for non-pregnant women, received a supply of ferrous sulfate 300-325 mg at their next regularly scheduled visit following the diagnosis of anemia.
Safety evaluation and endpoints
Endometrial biopsies were performed at treatment months 6 and 12 and post-treatment months 3 and 6. All protocol-mandated endometrial biopsies were evaluated by a central as well as a local pathologist. If the two diagnoses were discrepant, or at least one of the diagnoses was abnormal, the biopsy was sent to a third central pathologist for arbitration and final diagnosis. All readings were conducted blinded to the participant's treatment and to the other pathologist's diagnosis. However, endometrial biopsies performed during unscheduled diagnostic procedures (hysteroscopy, polypectomy and D&C) were eval- Figure 1 Design of a 12-month extension study to evaluate the safety and efficacy of asoprisnil in women with heavy menstrual bleeding and uterine fibroids. The dashed box indicates the population that is the primary focus of this report. uated by both the local and central pathologist. Algorithms for dealing with cases of unsatisfactory biopsy specimens were prespecified in the study protocol. The endometrial biopsy results were assessed by the central laboratory according to diagnostic categories that were developed by a panel of expert endometrial pathologists specifically for asoprisnil clinical trials, including the 'early PRM' effect categories ('nonphysiologic secretory effect' and 'secretory pattern, mixed type'), as described in the publication of the placebo-controlled studies (Stewart et al., 2019) . In addition, at the end of this extension study, the endometrial pathology panel defined the 'late PRM' effects which became evident in this study as the endometrial effects of asoprisnil changed after treatment for more than 12 months. These categories were only used to determine the reversibility of endometrial changes posttreatment and were not included in the main endometrial diagnostic categories ( Supplementary Table SI ). The major histologic criteria of this 'late PRM syndrome' included the presence of prominent large cystic glands, broad stromal columns lined by metaplastic epithelium and thick-walled vessels in the stratum functionalis. The minor criteria included the presence of prominent variegated metaplastic epithelium in a non-proliferative setting and patchy stromal prominence with plexiform vessels.
Endometrial thickness was measured using ultrasound at treatment months 3, 6 and 12 of the extension study (total treatment durations of up to 15, 18 and 24 months) and post-treatment months 3 and 6, and using MRI at treatment month 12 of the extension study (total treatment duration of up to 24 months) and post-treatment month 6. Saline infusion sonohysterogram (SIS) or hysteroscopy was performed in women with endometrial thickness ≥19 mm or ultrasound or MRI findings suggestive of a polyp. The MRI images, including endometrial thickness measurement, were assessed by a central reader. The ultrasound images and endometrial thickness measurements were evaluated by local radiologists. Other safety parameters included changes in BMD (measured by dual-energy x-ray absorptiometry [DXA] at treatment month 12 of the extension study: total treatment duration of up to 24 months) in the subset of women from Study 1, mammography at treatment month 12 of the extension study (total treatment duration of up to 24 months) and changes in biochemical parameters, including serum lipids, liver and endocrine parameters, at treatment months 3, 6 and 12 of the extension study (total treatment durations of up to 15, 18 and 24 months) and post-treatment months. A central reading service (DXA Resource Group, Inc., Worcester, MA, USA) was used for DXA evaluation. Adverse events (AEs) were recorded throughout the study. Serum and/or urine pregnancy tests were performed on a monthly basis.
Efficacy endpoints
The primary efficacy endpoint was identical to that in the placebocontrolled phase 3 studies, i.e. the proportion of women who demonstrated a response to treatment by meeting all three of the following criteria at month 24 or at the final month if they discontinued prematurely: a reduction from baseline (defined as the beginning of the placebo-controlled study) to final visit of ≥50% in the menstrual pictogram (MP) score, hemoglobin concentration ≥11 g/dl or an increase of ≥1 g/dl from baseline at the final visit and no surgical or invasive intervention for uterine fibroids, as described before (Stewart et al., 2019) . Uterine bleeding was assessed on a daily basis by MP, as previously described (Larsen et al., 2013) . Secondary efficacy endpoints included response rate to the primary endpoint criteria at month 6 (total treatment duration of up to 18 months), monthly amenorrhea rates, uterine and fibroid volumes (measured with ultrasound and MRI), uterine fibroid symptom assessment and quality of life measures using the Uterine Fibroid Symptom Health-Related Quality of Life Questionnaire (UFS-QOL), as described (Stewart et al., 2019) .
Analyses
The safety analysis set included all women who received at least one dose of asoprisnil in the extension study. Safety results reported here are restricted to women who had received asoprisnil during both the placebo-controlled and extension periods (asoprisnil/asoprisnil). All efficacy summaries were performed on the modified intent-totreat (mITT) population, defined as all women who had ≥1 dose of asoprisnil, had a screening menstrual cycle score >80 ml from the data available in the diary or a hemoglobin score ≤10.5 g/dl at baseline from the pivotal study and did not discontinue treatment before day 30 of the extension study unless they discontinued for fibroid surgery. The efficacy results reported here are only presented for women who received more than 12 and up to 24 months of treatment with asoprisnil 10 or 25 mg across the double-blind and extension studies (asoprisnil/asoprisnil population) such that women treated with placebo in the phase 3 placebo-controlled studies were excluded. No statistical tests were planned or performed for this uncontrolled study.
Data sharing
AbbVie is committed to responsible data sharing regarding the clinical trials we sponsor. This includes access to anonymized, individual and trial-level data (analysis data sets), as well as other information (e.g. protocols and Clinical Study Reports), as long as the trials are not part of an ongoing or planned regulatory submission. This includes requests for clinical trial data for unlicensed products and indications.
This clinical trial data can be requested by any qualified researchers who engage in rigorous, independent scientific research, and will be provided following review and approval of a research proposal and statistical analysis plan and execution of a data sharing agreement. Data requests can be submitted at any time and the data will be accessible for 12 months, with possible extensions considered. For more information on the process, or to submit a request, visit the following link: https://www.abbvie.com/our-science/clinical-trials/ clinical-trials-data-and-information-sharing/data-and-informationsharing-with-qualified-researchers.html.
Results
Study population
A total of 436 (221 patients receiving asoprisnil 10 mg in Study 1 or 2 plus 215 patients receiving asoprisnil 25 mg in Study 1 or 2) women received asoprisnil during the placebo-controlled phase 3 studies, completed those studies and received ≥1 dose of asoprisnil in the extension study ( Fig. 2) . Thus, these 'asoprisnil/asoprisnil' participants received a total of between 12 and 24 months of asoprisnil treatment. Overall, 251 (58%) of the 436 asoprisnil/asoprisnil women completed the 12-month extension study, with AEs being the most common reason for premature discontinuation (8% in the asoprisnil/asoprisnil 10-mg group and 10% in the asoprisnil/asoprisnil 25-mg group). Endometrial procedures or the intention to have such procedures (other than scheduled study biopsies) resulted in premature study discontinuation in 6% of women in the asoprisnil/asoprisnil 10mg group and 2% in the asoprisnil/asoprisnil 25-mg group. Baseline demographic and clinical characteristics pretreatment for the phase 3 placebo-controlled studies are presented in Supplementary Table SII 
Safety and tolerability
General safety
The percentage of asoprisnil/asoprisnil women who reported ≥1 AE during asoprisnil treatment in this extension study was no different between the 10-and 25-mg groups (83 and 80%, respectively); most AEs were considered to be mild or moderate in severity. The most frequently occurring AEs (≥5% in either group) are summarized in Table I . The most common were upper respiratory tract infection, musculoskeletal and connective tissue signs and symptoms, headaches and gastrointestinal and abdominal pains. Fortyeight women (21 [8%] asoprisnil 10-mg, 27 [10%] asoprisnil 25mg) experienced AEs during the study that led to withdrawal from the study ( Supplementary Table SIII ). Serious AEs were experienced by nine (4%) and 17 (8%) women in the asoprisnil 10-and 25mg groups, respectively, during either treatment or follow-up of the extension study ( Supplementary Table SIV ). Six women (one asoprisnil 10 mg, five asoprisnil 25 mg) experienced serious AEs of HMB (reported as 'menorrhagia,' 'uterine hemorrhage,' or 'vaginal hemorrhage'), which were treated with medications (n = 4) or hysterectomy (n = 2). Twenty-one of 265 women (8%; 10 and 11 women in the asoprisnil 10-and 25-mg arms, respectively), experienced heavy uterine bleeding AEs during the post-treatment follow-up period (defined as ≥1 day following the last day of study drug). AEs included the following terms: dysfunctional uterine bleeding, menorrhagia, metrorrhagia, uterine hemorrhage and vaginal hemorrhage; some women required hospitalization for treatment. Treatment included medications (n = 13) and surgical procedures (n = 5: hysteroscopy, hysterectomy, D&C or endometrial ablation). The majority (57%; 12/21) of these women had endometrial thickness ≥19 mm one or more times during the study, and many had cystic changes.
Serious AEs of neoplasm occurred in nine women, five of them were malignant, and one was unknown malignant potential (lung neoplasm; Supplementary Table SV ). The malignancies included three cases of breast cancer in two women (grade 2/3 infiltrating ductal carcinoma, age 48 years, asoprisnil 10-mg; grade 2 invasive ductal adenocarcinoma and grade 3 ductal carcinoma in situ, age 51 years, asoprisnil 25mg). Additionally, one woman, age 41 years, previously treated with placebo and re-randomized to receive asoprisnil 10 mg, had a serious AE of apocrine ductal carcinoma in situ of the breast. There was one case of B-cell lymphoma (age 44 years, asoprisnil 25-mg). In addition, there were two cases of endometrial cancer (asoprisnil 10 and 25 mg, 44 and 54 years, respectively). One woman was diagnosed with complex hyperplasia without atypia in the asoprisnil 25-mg asoprisnil/asoprisnil treatment group based on a hysteroscopy specimen obtained on study day 142. This woman underwent hysterectomy 5 months after discontinuing the study drug due to HMB. The histology of the endometrium obtained from the removed uterus revealed the presence of endometrial cancer (adenocarcinoma endometrioid type). A second case of endometrial cancer (well-differentiated adenocarcinoma, endometrioid type mixed with other types in the background of endometrial hyperplasia complex type with atypia) was diagnosed in an endometrial polyp removed on day 63 of this extension study (asoprisnil/asoprisnil 10-mg group). In addition to the malignancies, two cases of benign tumors were observed, with one case of acoustic neuroma (age 51 years, asoprisnil 25-mg), and one case of meningioma (age 42 years, asoprisnil 25-mg). prematurely discontinued from the treatment period, entered the follow-up periods and the reasons for premature discontinuation. Women from the two placebo-controlled studies continued treatment with their initial asoprisnil dosage of 10 (n = 221) or 25 (n = 215) mg (asoprisnil/asoprisnil participants; n = 436). Women who previously received placebo were randomized to asoprisnil 10 (n = 43) or 25 (n = 44) mg (placebo/asoprisnil participants; n = 87). This report focuses on the asoprisnil/asoprisnil participants.
Endometrial safety
Endometrial biopsy results. The endometrial biopsy results at baseline (baseline of the placebo-controlled phase 3 studies), day-1 of this extension study (defined as the month-12 visit of the placebocontrolled phase 3 studies), months 6 and 12 of treatment in the extension study (18 and 24 months total treatment, respectively) and 3 months post-treatment are presented in Supplementary Table SI . At day-1, most of the asoprisnil/asoprisnil women had results in the subcategories of inactive, secretory pattern, mixed type, nonphysiologic secretory effect and weakly proliferative endometrium. Similarly, at month 6 of this extension study, most of the asoprisnil/asoprisnil women had results in the subcategories of inactive, non-physiologic secretory effect, and weakly proliferative. Consistent results were observed at month 12 of this extension study (24 months
total), except that more women had unsatisfactory tissue for diagnosis (18 and 30% in asoprisnil/asoprisnil 10-and 25-mg groups, respectively).
Changes in endometrial thickness by MRI and transvaginal ultrasound imaging. Endometrial thickness was measured using MRI and transvaginal ultrasound at different time points during the study (Figs 3A-C and 4A-C). At month 12 of the placebo-controlled phase 3 studies, there had been a mean increase from baseline of approximately 2 mm in endometrial thickness as measured by MRI in women treated with asoprisnil ( Fig. 3B) . At day-1 of the extension study, mean (SD) endometrial thickness as measured by MRI was 9.4 (8.8) and 9.7 (8.1) mm in the asoprisnil/asoprisnil 10-mg (n = 208) and 25-mg (n = 198) groups, respectively (Fig. 3A ). There was a further dose-dependent increase from baseline (i.e. the start of the placebo-controlled phase (80) Upper respiratory tract infections 43 (19) 47 (22) Musculoskeletal and connective tissue signs and symptoms a 36 (16) 42 (20) Headaches a 34 (15) 31 (14) Gastrointestinal and abdominal pains b 25 (11) 19 (9) Uterine lesions (non-neoplastic) c 19 (9) 22 (10) Joint-related signs and symptoms 24 (11) 17 (8) Vulvovaginal signs and symptoms 8 (4) 13 (6) Peripheral vascular disorders a ,d 8 (4) 12 (6) Nausea and vomiting symptoms 13 (6) 14 (7) Bacterial infections a 13 (6) 11 (5) Breast signs and symptoms 6 (3) 10 (5) Influenza viral infections 9 (4) 14 (7) Bladder and urethral symptoms 13 (6) 10 (5) Non-site-specific procedural complications 15 (7) 10 (5) Lower respiratory tract and lung infections 10 (5) 9 (4) Gastrointestinal atonic and hypomotility disorders a 6 (3) 11 (5) Uterine disorders a 9 (4) 12 (6) Vascular hypertensive disorders a 4 (2) 10 (5) a Not elsewhere classified. b Excluding oral and throat pain. c Uterine polyp and uterine cyst. d Consistsing entirely of hot flushes.
3 studies) in mean (SD) endometrial thickness at month 12 of the extension study (24 months total). In the asoprisnil/asoprisnil 10and 25-mg groups, the mean (SD) endometrial thickness increased by 3.4 (9.8) and 6.2 (12.8) mm, respectively (mean (SD) thickness at month 12: 10.9 (9.3) and 13.9 (13.2) mm, respectively). During the follow-up period, endometrial thickness was slightly lower than the pretreatment baseline values in all asoprisnil groups, with a mean (SD) thickness at the 6 month follow-up of 6.4 (2.6) and 6.6 (3.9) mm in the asoprisnil/asoprisnil 10-mg (n = 78) and 25-mg groups (n = 93), respectively ( Fig. 4A and B ). There was a dose-and time-dependent increase in the percentage of women with endometrial thickness ≥19 mm ( Figs 3C and 4C ). The percentages of asoprisnil/asoprisnil 10-and 25-mg women with endometrial thickness ≥19 mm, as measured by MRI, increased from 13 and 12%, respectively, at day 1 (compared with baseline values of the placebo-controlled phase 3 studies) to 18 and 25% at month 12 of this extension study (24 months total; Fig. 3C ). At month 3 of the follow-up period, 10 and 9% of women in the asoprisnil/asoprisnil 10-and 25-mg groups, respectively, had endometrial thickness ≥19 mm as measured by transvaginal ultrasound (Fig. 4C) . Changes in endometrial texture by MRI images and invasive diagnostic procedures. In the asoprisnil/asoprisnil 10-and 25-mg groups there was an increase in the percentage of women with 'heterogeneity suggestive of polyp' (25 and 42%, respectively) and endometrial cysts (23 and 40%, respectively) at month 12 of this extension study (24 total) compared with day 1, as assessed using MRI (Stewart et al., 2019) . The majority of women with 'heterogeneity suggestive of polyp' also had endometrial cysts ( Supplementary Table SVI ).
These changes led to an increase in invasive diagnostic procedures, including hysteroscopy, D&C or polypectomies, during this extension study. Invasive procedures were performed during (i) the treatment period and (ii) treatment plus follow-up periods in 18 and 23% of women in the asoprisnil/asoprisnil 10-mg group, respectively, and in 24 and 30% of women in the asoprisnil/asoprisnil 25-mg group, respectively. Large endometrial cysts covered by thin endometrial layers and filled with translucent fluid ('bubble-wrap'-like appearance) were also occasionally observed during the hysteroscopy procedures in women who received asoprisnil/asoprisnil 10 mg. However, benign endometrial polyps were confirmed by histological evaluation from samples obtained during a hysteroscopy, D&C or polypectomy only in 2% (5/221) of asoprisnil/asoprisnil 10-mg and 4% (8/215) asoprisnil/asoprisnil 25-mg women, incidences that are similar to those observed in asoprisnil-treated women in the placebo-controlled, phase 3 studies (Stewart et al., 2019) .
Reversibility of endometrial changes during the follow-up period. After discontinuation of asoprisnil treatment, the endometrium showed a trend of regression toward the pattern observed at baseline of the pivotal studies. Endometrial biopsy data collected primarily at month 3 post-treatment demonstrated that the endometrium was primarily characterized by cyclic physiologic or proliferative patterns ( Supplementary Table SV ). Similarly, there was a reduction in mean endometrial thickness to the baseline values, and endometrial cysts and heterogeneity suggestive of polyp were evident on MRI images in four and nine women, respectively, of 171 total women at month Proportion of women with endometrial thickness ≥19 mm at study visits and at any time during the treatment period. An absence of data indicates that the diagnostic procedure was not performed at that time point. Figure 5 Responder rate (primary efficacy endpoint) at month 6 and month 12 of treatment in the extension study (18 and 24 months total treatment mITT population; asoprisnil/asoprisnil groups only). DB = double-blind; mITT = modified intent-to-treat. Women started with >80 ml of blood loss during screening menstrual cycle of the DB study or hemoglobin ≤10.5 g/dl during screening or at day-1 of the DB study. Response to treatment was the percentage of women who met all of the following criteria: ≥50% decrease in blood loss during month 12 or final visit if they discontinued prematurely; hemoglobin ≥11 g/dl or an increase ≥1 g/dl from baseline to month 12 or final visit if they discontinued prematurely and no surgery or withdrawal with a plan to have surgery for leiomyomata. a Or final visit if they discontinued prematurely. b Women who qualified for the primary analysis were those in the mITT population who had baseline and on-treatment data for the primary endpoint, unless they prematurely discontinued to have surgery or invasive intervention for leiomyomata. endometrial thickness trended to decrease over time; however, fluctuation within the same woman was observed due to differences in the method of assessment (MRI or transvaginal ultrasound) and stage of the menstrual cycle. Approximately 18 women, including 15 in the asoprisnil/asoprisnil groups, had a reported endometrial biopsy classified as having 'late PRM' effects. From the limited posttreatment follow-up biopsy data available, four women with 'late PRM' biopsy findings had a subsequent result that showed this finding to be absent.
Safety parameters for general chemistry and hepatic and renal markers
No clinically meaningful changes in general chemistry and hepatic and renal parameters were observed. Five women showed transient elevation of liver enzymes (alanine aminotransferase, aspartate aminotransferase, gamma-glutamyltransferase or lactate dehydrogenase) and one woman experienced elevated bilirubin at some point during the study; none of them were prematurely discontinued from the study because of abnormal liver function. Although there was little change in total cholesterol, asoprisnil reduced high-density lipoprotein cholesterol 
Figure 6
Percentage of women with monthly amenorrhea rates during each month of treatment in the extension study. The percentage of women with no bleeding during each 30day treatment period was assessed for women who had ≥20 days of diary data for any month or who had bleeding during any month.
(HDL cholesterol) and increased low-density lipoprotein cholesterol (LDL cholesterol); these effects appeared to be greater at the higher asoprisnil dose ( Supplementary Table SVII ).
Endocrine parameters
No clinically significant treatment differences were observed for thyroxine, thyroid-stimulating hormone and cortisol. The gonadotropin data suggest a modest inhibitory effect of asoprisnil on basal FSH production that showed no clear dose-dependent effect. Furthermore, small but statistically significant decreases in prolactin levels were observed throughout the placebo-controlled studies (Stewart et al., 2019) . Further dose-dependent small reductions in mean estradiol concentrations were measured at months 6 and 12 compared with the baseline values on day-1. However, in the majority of women treated with asoprisnil, estradiol levels still remained in the early follicular range. Dose-dependent reductions in total testosterone concentrations and sex hormone-binding globulin were observed, with no change observed in free testosterone ( Supplementary Table SVII ).
BMD
BMD of the lumbar spine (L1-L4) was only measured in Study 1 and in this extension study for women continuing on from that study. Mean (SD) baseline (i.e. last measurement before the first dose of the study) BMD measurements in Study 1 were 1.1 (0.1) units for both the asoprisnil/asoprisnil 10-and 25-mg groups. At day-1 of the extension study (i.e. after 12 months of treatment with asoprisnil in the placebo-controlled study), mean percentage change from baseline (i.e. start of the placebo-controlled study) in BMD was −0.2 and −0.5% for the asoprisnil/asoprisnil 10-and 25-mg groups, respectively. In the extension study, a small (−0.8%; n = 55) mean percentage reduction from baseline in mean BMD was recorded at month 12 (24 months of total exposure) in the asoprisnil/asoprisnil 25-mg group ( Supplementary Table SVIII ). 
Table II Median percentage change (from start of the placebo-controlled, phase 3 pivotal studies) in fibroid and uterine volume during the extension study (mITT population) and post-treatment period (mITT population for women with followup data)
Efficacy endpoints
For the primary efficacy endpoint, 86 and 92% of women in the asoprisnil/asoprisnil 10-and 25-mg groups, respectively, responded to treatment at month 12 of the extension study (24 months total treatment) or the final visit if they discontinued prematurely. The response rates at month 6 of the extension study (18 months total treatment) were 92 and 96% for asoprisnil 10 and 25 mg, respectively (Fig. 5) .
Amenorrhea rates
During each month of treatment, amenorrhea (defined as no bleeding during each 30-day treatment period) rates ranged from 64 to 77% of women in the asoprisnil/asoprisnil 10-mg group and from 80 to 94% of women in the asoprisnil/asoprisnil 25-mg group (Fig. 6) .
Monthly blood loss
The mean monthly blood loss (MBL) as assessed by MP score was consistently reduced in both treatment groups throughout this extension study. At month 12 of the extension study (24 months total treatment), mean MBL was 14.3 ml for the asoprisnil/asoprisnil 10-mg group and 5.1 ml for the asoprisnil/asoprisnil 25-mg group ( Supplementary Fig. S1 ). At baseline (of the placebo-controlled studies), mean MP total score values in the asoprisnil/asoprisnil 10-and 25-mg groups were 285.6 and 298.1 ml, respectively ( Supplementary Table SII ).
In the follow-up period after asoprisnil treatment was discontinued, the return of menses occurred in most women (88 and 86% in the asoprisnil/asoprisnil 10-and 25-mg groups, respectively, based on a Kaplan-Meier estimate) within 90 days for women with available post-treatment data (n = 219). Median time to first follow-up menses was 22 days in the asoprisnil/asoprisnil 10-mg group and 26 days in the asoprisnil/asoprisnil 25-mg group ( Supplementary Table SIX ). MBL results during the first follow-up menses suggested that, although there was still a mean decrease from pretreatment baseline in blood loss, the scores represented a return to HMB (>80 ml). Mean (SD) MBL of the first menses during the follow-up period was 185.3 (183.6) ml in the asoprisnil/asoprisnil 10-mg asoprisnil/asoprisnil group and 246.6 (393.1) ml in the asoprisnil/asoprisnil 25-mg group ( Supplementary Fig. S1 ).
Hematologic and iron parameters
Mean hemoglobin values during this extension study ranged from 13.1 to 13.5 g/dl for asoprisnil/asoprisnil 10 mg and from 13.3 to 13.4 g/dl for asoprisnil/asoprisnil 25 mg. Similar sustained benefits were observed as improvements in other hematologic parameters such as hematocrit, ferritin and total iron binding capacity ( Supplementary Table SX ).
Fibroid and uterine volume
Compared with baseline (pretreatment values of the placebocontrolled phase 3 studies), there was a further reduction in median primary uterine fibroid volume but not uterine volume at month 12 of this extension study (24 months total treatment) in both asoprisnil/asoprisnil groups (Table II) . This effect was dose-dependent. Uterine fibroid regrowth was examined in the subset of women who had MRI performed following cessation of treatment. At month 6 of the post-treatment follow-up period, both asoprisnil/asoprisnil 10-and 25-mg groups maintained reductions in fibroid and uterine volumes compared with baseline values before any treatment with asoprisnil in randomized lead-in studies (Table II) ; however, from the end of treatment in extension study (24 months total treatment) to the 6-month post-treatment follow-up, there was an increase in both fibroid and uterine volumes (Table II) .
UFS-QOL questionnaire
The improvements in symptom severity scores that were observed in the placebo-controlled phase 3 studies were maintained in this extension study. Similar trends were observed in the total and individual item health-related quality of life scores in the asoprisnil/asoprisnil population ( Supplementary Fig. S2A-H ).
Discussion
The primary objective of this extension study was the assessment of long-term safety of asoprisnil 10 and 25 mg during uninterrupted use treatment for an additional 12 months (up to 24 months of total duration of treatment) with a focus on endometrial safety. To our knowledge, this is the first study that describes the evolution of endometrial changes for up to 24 months of an uninterrupted treatment with an SPRM. Efficacy endpoints were also assessed through months 13-24 of asoprisnil treatment.
Both doses of asoprisnil were generally well tolerated, and most AEs were either mild or moderate in severity. The percentage of women with at least one AE was similar in both treatment groups. There were no concerning trends or findings in laboratory parameters, including general chemistry and renal and coagulation parameters. Similarly, no clinically meaningful changes in hepatic function parameters, including evidence of liver injury, were observed, and there were no discontinuations from the study because of liver AEs. Considering the extremely rare occurrence of liver damage, which may be due to use of SPRMs, the risk for liver damage can most probably only be assessed in large population-based observational studies using prescription registry data.
Mean estradiol concentrations were reduced further with asoprisnil/asoprisnil 25-mg treatment during this study, compared with the placebo-controlled phase 3 pivotal studies (Stewart et al., 2019) , but the changes were relatively small and remained in the early follicular range in most women. It remains unclear whether this effect was due to treatment with asoprisnil or the occurrence of menopause in some women. Asoprisnil treatment for up to 2 years did not appear to affect BMD, which is consistent with its effects on estradiol concentrations. The observed decrease in SHBG may have been due to partial androgenic activity of asoprisnil (DeManno et al., 2003) , a decrease in estradiol concentration or both. Small increases in LDLcholesterol and decreases in HDL-cholesterol were observed in this study, particularly with asoprisnil/asoprisnil 25 mg, which also suggests a weak androgenic effect. These changes were not considered clinically meaningful in this population.
The overall pattern of endometrial biopsy results was consistent with an endometrial antiproliferative effect of asoprisnil, as evidenced by a progressive decrease in proliferative patterns and a progressive increase in quiescent patterns, and increase in the frequency of unsatisfactory biopsy results due to the lack of tissue. These patterns were considered as 'late PRM' biopsy categories by the endometrial pathologists involved in this study. The two specific 'early PRM' biopsy result categories ('non-physiological secretory effect' and 'secretory pattern, mixed type'), later included in the PRM-associated endometrial changes (PAEC) spectrum (Mutter et al., 2008) , were diagnosed less frequently after the exposure to asoprisnil for 24 months (approximately 12-14% and 1-2%, respectively), compared with 6 months of treatment (approximately 30% in the placebo-controlled, phase 3 studies (Stewart et al., 2019) or 3 months of treatment (71%) . It should be noted that the 'early PRM' effects of asoprisnil were not associated with an increase in endometrial thickness during treatment for up to 6 months and only a small increase in mean endometrial thickness at 12 months Williams et al., 2007; Stewart et al., 2019) .
Although the endometrial biopsy results suggest an antiproliferative effect of asoprisnil, the MRI and ultrasound data demonstrated a further progressive increase in both endometrial thickness and texture changes (heterogeneity suggestive of polyps and/or large endometrial cysts) during this additional treatment period compared with the 1-year treatment ( Supplementary Table SX ). There was a correlation between cystic changes on transvaginal ultrasound and MRI, and endometrial thickening >19 mm; however, this endometrial thickening could not be predicted during the study based on baseline characteristics (Stewart et al., 2019) . These changes led to a further increase in invasive diagnostic procedures such as hysteroscopy, polypectomy or D&C compared with the placebo-controlled phase 3 studies. The review of endometrial samples obtained during these procedures conducted regularly by the panel of expert endometrial pathologists revealed the presence of large endometrial cysts covered by inactive epithelium, separated by stromal columns populated with thick-walled spiral arteries and designated as the 'late PRM' effects. Large endometrial cysts covered by thin endometrial layers and filled with translucent fluid (with a 'bubble-wrap" appearance) were also occasionally observed during the hysteroscopy procedures. These changes explain the appearance of the endometrium in imaging studies ('heterogeneity suggestive of polyps,' endometrial cysts), and the increase in endometrial thickness, as well as a relatively high percentage of insufficient endometrial biopsies in this study. The polypoid changes ('heterogeneity suggestive of polyps') as observed on MRI or transvaginal ultrasound images were most likely secondary to the formation of large endometrial cysts, because benign endometrial polyps were confirmed by histologic diagnosis in only 2 and 4% women in the asoprisnil/asoprisnil 10-and 25-mg treatment groups, respectively. Overall, both histological and imaging data indicate that there was continuous time-and dose-dependent progression of endometrial changes during uninterrupted treatment with asoprisnil for an extended period of time, i.e. progression from 'early PRM' to 'late PRM' effects characterized by the presence of large endometrial cysts and low endometrial proliferation.
Two endometrial cancers (adenocarcinoma, endometrioid type) were diagnosed in the study, located within: an endometrial polyp removed during a hysteroscopy after exposure to 10 mg asoprisnil for a total of 15 months; the uterus of a woman who underwent hysterectomy 5 months post-treatment due to HMB (this woman was diagnosed with endometrial hyperplasia complex type with atypia at month 24). This second woman was treated with asoprisnil 25 mg for 22 months. The relationship of the development of endometrial cancers to asoprisnil treatment is unclear, as this study was uncontrolled, but a causal relationship cannot be ruled out. Although it is difficult to find a population exactly matching the one from our study (women with uterine fibroids and HMB), the study sponsor previously conducted analyses of malignancies across all phase 2 and 3 studies of asoprisnil in comparison with a large managed care database of women with uterine fibroids and abnormal menstrual bleeding ( Supplementary Table SXI ). That analysis found that three women treated with asoprisnil had endometrial adenocarcinoma (incidence rate [95% CI], 2.1 [0.44-6.28] per 1000 person-years), and one woman treated with asoprisnil had endometrial sarcoma (incidence rate [95% CI], 0.7 [0.02-3.89] per 1000 person-years). In the managed care database, the incidence rates (95% CIs) of endometrial adenocarcinoma and endometrial sarcoma were 0.83 (95% CI, 0.70-0.98) and 0.11 (95% CI, 0.06-0.17) per 1000 person-years, respectively. Thus, the rate of endometrial carcinoma was higher in the pooled asoprisnil studies than in the managed care database. However, it is difficult to draw any conclusion about significance based on such a small number of events. In addition, a recent systematic review estimated the prevalence of endometrial cancer in women with HMB with or without uterine fibroids to be 0.11% (95% CI, 0.04-0.32%) (Pennant et al., 2017) . This estimate from the systematic review is lower than in our study population of asoprisnil/asoprisnil women (0.66%), although again the number of events was small and precludes definitive conclusions. Finally, patients in asoprisnil studies had an endometrial biopsy every 6 months, which is higher than in usual practice, and this could have increased the likelihood of finding cancers.
Because asoprisnil inhibits progesterone action in the endometrium, functional 'unopposed' estrogen effects should be considered as a potential cause of endometrial cancers in this study. It is well known that a main risk factor for endometrial cancer is exposure to endogenous or exogenous 'unopposed' estrogen or tamoxifen use, treatments that are associated with increased endometrial proliferation and endometrial hyperplasia with atypia (Morice et al., 2015) . The literature data also suggest that premenopausal women with abnormal uterine bleeding have a higher incidence of endometrial hyperplasia and cancer, compared with premenopausal women without bleeding abnormalities (Farquhar et al., 1999) . Moreover, some studies suggest that women with uterine fibroids are at increased risk of endometrial cancer (Fortuny et al., 2009; Rowlands et al., 2011) . There are some similarities between endometrial changes observed in this study and those described for postmenopausal women treated long-term with tamoxifen. However, there are striking differences in endometrial morphology between these two treatments. Both drugs produce cystic dilatation of glands but against a different background. The cystic dilatation of glands associated with tamoxifen may be diffuse or localized within polyps (Ismail, 1994; Cohen, 2004) . Endometrial polyps represent the most common (8-36%) endometrial pathology in postmenopausal women treated with tamoxifen (Cohen, 2004 multiple, and microscopically characterized by increased glandular and stromal proliferation and high frequency of endometrial hyperplasia with or without atypia (Nuovo et al., 1989; Cohen et al., 1996) . Tamoxifen also leads to increased proliferation in both stromal and epithelial compartments of the endometrium, as evidenced by an increased mitotic activity and Ki67 expression (Ismail, 1994; Decensi et al., 1996) . Imaging studies show that tamoxifen-induced endometrial cysts are localized in subendometrial layers and have an adenomyosislike appearance (McCluggage et al., 2000; Fong et al., 2003) . In contrast, asoprisnil treatment was associated with endometrial cysts, low frequency of endometrial polyps and low mitotic activity in the endometrial epithelium and stroma.
The endometrial biopsy results at month 3 post-treatment and imaging results from the limited number of women with follow-up data showed the presence of cyclic or physiologic endometrial patterns and a reversal of imaging findings (endometrial thickening or textural changes) in the vast majority of women. However, 15 women in the asoprisnil/asoprisnil groups required an extended follow-up period for up to 12 months post-treatment because of the presence of the 'late PRM' effects and/or endometrial thickening at month 3 or 6 post-treatment. This observation indicates that in some women, the complete reversal of the 'late PRM' effects in the endometrium may take a relatively long period of time, in spite of normal menstrual cycles during this period. This is important information for all SPRMs, because women in this age group may be perimenopausal and experience anovulatory cycles that may not reverse PAEC morphology during the interruption (off-drug) period of the intermittent regimens.
Three cases of breast cancers in two women treated continuously with asoprisnil were diagnosed in this study, one case during the treatment phase and two cases during the follow-up period. Similarly, it is unclear whether these cases were related to asoprisnil treatment or were incidental findings. Across all available asoprisnil phase 2 and 3 studies, the incidence rate (95% CI) of breast carcinoma was lower than in a comparable managed care population (1.4 [0.17-5.05] versus 2.33 [2.12-2.56] per 1000 person-years, respectively), whereas the incidence rate (95% CI) of breast carcinoma in situ was higher in the pooled asoprisnil studies than in the managed care population (2.1 [0.44-6.28] versus 0.53 [0.44-0.65] per 1000 person-years); the numbers of events were low for both kinds of breast neoplasm, making firm conclusions difficult ( Supplementary Table SXI ). Neoplasms originating from other tissues occurred only sporadically in women treated with asoprisnil. Interestingly, there is some evidence that ulipristal acetate, which shares a mechanism of action with asoprisnil, has an antiproliferative effect in several cell-based models of breast cancer (Esber et al., 2015) . Similarly, the SPRM telapristone reduced cell proliferation in rat mammary tumors that had been treated with medroxyprogesterone acetate or progesterone (Lee et al., 2016) . The progesterone receptor antagonist onapristone showed clinical benefit at a dose of 100 mg/day in women with breast cancer but was limited by hepatic toxicity (Robertson et al., 1999) , whereas more modest clinical benefit in women with breast cancer was observed at doses of 10-50 mg/day (Cottu et al., 2018) .
High efficacy of asoprisnil in controlling HMB was maintained during the entire treatment period. The primary efficacy endpoint was met by 86% of women in the asoprisnil/asoprisnil 10-mg group and 92% of women in the asoprisnil/asoprisnil 25-mg group at month 12 of this extension study (month 24 total) or the final visit if they discontinued prematurely. The efficacy of asoprisnil was also supported by various other secondary efficacy endpoints related to bleeding, including reductions in monthly MBL, high monthly amenorrhea rates and continued fibroid volume reduction. Improvements in hematologic parameters (hemoglobin, hematocrit, ferritin and total iron binding capacity) observed in the placebo-controlled phase 3 studies were maintained in this extension study. A further dose-dependent reduction in fibroid volume was observed in the extension study, whereas uterine volume and UFS-QOL measures remained stable. The reductions in fibroid volume persisted at 3 months after stopping treatment. Amenorrhea was reversible after stopping treatment, as the vast majority of women with available post-treatment data returned to menses within 90 days. However, the control of HMB, as observed during the treatment period, was not durable after stopping treatment, since the majority of women returned to HMB after the resumption of menses. In addition, after stopping treatment, 21 women (8%) experienced AEs indicative of HMB, which often required blood transfusion, hormonal therapy or surgical procedures; most of these women had increased endometrial thickness and cystic endometrial changes. This observation suggests that the 'late PRM' effects in the endometrium played a role in these events.
The strength of this study was thorough endometrial assessments during the entire treatment and follow-up periods and the involvement of expert endometrial pathologists in defining the PRM-induced endometrial changes. However, this study also has several limitations, including the lack of a control group and multiple protocol amendments with the addition of diagnostic procedures, for example, adding SIS and hysteroscopy for endometrial assessments that were not conducted at baseline as well as adding new withdrawal criteria for endometrial changes. Finally, because no active comparator was included in the placebo-controlled phase 3 studies and the present extension study, the potential place of asoprisnil in comparison to therapies such as GnRH agonists and surgery cannot be determined.
In conclusion, uninterrupted asoprisnil treatment for up to 2 years was very effective in controlling HMB and reducing fibroid volume. However, this treatment was associated with profound cystic endometrial changes that are consistent with the 'late PRM' effects and a progressive endometrial thickening that mimicked endometrial hyperplasia. These changes led to a further increase in diagnostic and therapeutic procedures during the study compared with the placebocontrolled studies and eventually led to the termination of asoprisnil studies with an uninterrupted treatment regimen (Abbott, 2018) . The endometrial changes observed during this study were reversible after stopping treatment and resumption of menses. Two cases of endometrial cancer were diagnosed in this study. This study shows that uninterrupted treatment with asoprisnil should be avoided because of safety concerns and unknown potential long-term consequences.
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